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MAGNETIC RECORDING MEDIUM, METHOD FOR 
MANUFACTURING A MAGNETIC RECORDING MEDIUM AND 
MAGNETIC RECORDING DEVICE 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a magnetic recording medium for use in 
magnetic recording devices. The invention further relates to a method for 
manufacturing and a device employing a magnetic recording medium according 
to the present invention. 

2. Description of the Related Art 

Various compositions and structures have been proposed for magnetic 
layers and non-magnetic under-layers in high-recording-density and low-noise 
magnetic recording mediums. In particular, a magnetic layer called a granular 
magnetic layer, has been proposed having a structure in which ferromagnetic 
grain are surrounded by a non-magnetic non-metallic substance. 

Japanese Unexamined Patent Application Publication No. H8-255342, 
discloses attaining low noise by forming a granular recording layer in which 
ferromagnetic grains are dispersed in a non-magnetic film, by a method including 
steps of sequentially depositing a non-magnetic film, a ferromagnetic film and 
a non-magnetic film on a non-magnetic substrate, and heat-treating the laminate. 
In this specific non-magnetic film, oxides or nitrides of silicon are used. 
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US Patent No. 5,679,473 discloses a granular recording film in which 
each magnetic grain is surrounded and separated by a non-magnetic oxide by 
means of RF sputtering using a CoNiPt target including an oxide, such as Si0 2 . 
A granular recording film with high coercive force and low noise is achieved by 
this patent. Further, since the granular magnetic layer facilitates separation of 
magnetic grains even by lamination without heating, an inexpensive non- 
magnetic substrate such as injection-molded plastic maybe used. Consequently, 
the granular magnetic layer provides partial cost reduction during manufacture. 

An alloy with hexagonal closest packed (hep) lattice structure composed 
mainly of cobalt is commonly used for magnetic layers in magnetic recording 
medium. It is necessary to orient the C-axis of the hep structure to the film 
surface in order to obtain excellent characteristics. This orientation is 
accomplished in a conventional magnetic recording medium by controlling 
crystal orientation of an under-layer and making the magnetic layer epitaxially 
grow on such an under-layer. Unfortunately, in a magnetic recording mediums 
having a granular magnetic layer, controlling crystal orientation of the magnetic 
layer has been considered to be difficult because the epitaxial growth is hindered 
by the existence of oxides or nitrides. 

Recently, it has been shown that crystal orientation control of the 
magnetic layer is still possible, in magnetic recording mediums having granular 
magnetic layers, by controlling the structure of the under-layer. 

A report from the abstract of the 22nd Conference of the Magnetics 
Society of Japan, P. 469 (1 998), entitled "Effect of Cr-Mo under-layer in a CoPt- 
Si0 2 medium" discloses that low noise was attained by provision of an under- 
layer of CrMo alloy for the granular magnetic layer and controlling the lattice 
constants of the under-layer with varied amount of molybdenum. Another 
document from the abstract of the 24 th Conference of the Magnetics Society of 
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Japan, p.2 1 (2000), entitled "A high coercive force medium that need not heating 
in lamination process" discloses that low noise was also attained by forming a 
ruthenium layer beneath the granular layer. 

Unfortunately, while information in the processing field shows rapid 
development in recent years, this development demands much more extensive 
improvement over presently achieved levels for noise reduction. 

OBJECTS AND SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a magnetic recording 
medium, a method for manufacturing a magnetic recording medium, and a 
magnetic recording device which overcome the drawbacks of the related art 
noted above. 

It is another object of the present invention to achieve further noise 
reduction in a magnetic recording medium by more precise control of structure 
of magnetic grains. 

It is another object of the present invention to provide a magnetic 
recording medium achieving more reduction of noise by forming a plurality of 
intermediate layers on an under-layer before laminating the magnetic layer. 

It is another object of the present invention to provide a method for 
manufacturing such a medium and to provide a magnetic recording device 
comprising such a medium. 

It is another object of the present invention to provide a magnetic 
recording medium and a method of manufacturing the same which provides 
manufacturing cost savings while maintaining or increasing recording quality. 

The present invention relates to a magnetic recording medium, method 
of manufacturing a magnetic recording medium and magnetic recording devices 
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wherein a plurality of non-magnetic metallic intermediate layers is laminated 
between an under-layer and a magnetic layer. One of the intermediate layers is 
composed of at least an element selected from the group consisting of Ru, Re and 
Os and contains oxygen, and another is composed of a CoCr alloy containing at 
least an element selected from the group consisting of Nb, Mo, Ru, Rh, Pd, Ta, 
W, Re Os, Ir and Pt The resulting magnetic recording medium provides reduced 
costs and improved recording characteristics. 

According to an embodiment of the present invention there is provided, 
a magnetic recording medium comprising: a non-magnetic substrate, at least a 
non-magnetic under-layer on the non-magnetic substrate, at least a first non- 
magnetic metallic intermediate layer on the non-magnetic under-layer, at least 
a second non-magnetic metallic intermediate layer on the first non-magnetic 
metallic intermediate layer, at least a magnetic layer on the second non-magnetic 
metallic intermediate layer, at least a protective film and a liquid lubricant layer 
sequentially laminated on the magnetic layer, the magnetic layer being a plurality 
of ferromagnetic grains and non-magnetic grain boundaries, the plurality of 
ferromagnetic grains containing at least cobalt and platinum, the non-magnetic 
grain boundaries including at least an oxide substantially surrounding the 
plurality of ferromagnetic grains, the first intermediate layer containing oxygen 
and being composed of at least one element selected from the group consisting 
of Ru, Re and Os, and the second intermediate layer being at least a CoCr alloy 
including at least one element selected from the group consisting of Nb, Mo, Ru, 
Rh, Pd, Ta, W, Re, Os, Ir and Pt. 

According to another embodiment of the present invention there is 
provided, a magnetic recording medium, wherein: the non-magnetic substrate is 
at least a first plastic, the first plastic being at least one of a polycarbonate and 
a polyolefm. 
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According to another embodiment of the present invention there is 
provided, a magnetic recording medium, wherein: a crystal structure of the 
second intermediate layer is hexagonal close packed, a crystal structure of the 
plurality of ferromagnetic grains in the magnetic layer is hexagonal close packed, 
and a misfit between lattice constants of unit cells of the second intermediate 
layer and unit cells of the plurality of ferromagnetic grains is within ± 3 %. 

According to another embodiment of the present invention there is 
provided, a magnetic recording medium, wherein: the under-layer is at least one 
of chromium and a chromium alloy, and at least one of a (200) lattice plane and 
a (21 1) lattice plane in the under-layer is preferentially oriented in parallel with 
a film surface of the under-layer. 

According to another embodiment of the present invention there is 
provided, a method for manufacturing a magnetic recording medium comprising 
the steps of: laminating at least a non-magnetic under-layer on a non-magnetic 
substrate, laminating at least a first non-magnetic metallic intermediate layer on 
the non-magnetic under-layer, laminating at least a second non-magnetic metallic 
intermediate layer on the first non-magnetic metallic intermediate layer, 
laminating at least a magnetic layer on the second non-magnetic metallic 
intermediate layer, laminating a protective film on the magnetic layer, laminating 
a liquid lubricant layer on the protective film, the step of laminating the magnetic 
layer including laminating to form at least ferromagnetic grains and non- 
magnetic grain boundaries surrounding the grains, the grains being at least one 
of cobalt and platinum and the grain boundaries being at least an oxide, the step 
of laminating the first intermediate layer including laminating to form the first 
intermediate layer from oxygen and at least one element selected from the group 
consisting of Ru, Re, and Os, and the step of laminating the second intermediate 
layer including laminating to form the second intermediate layer from a CoCr 



PATENT 6 M1971-109 

W \USERS\andrew\wpdata\M1971-109 

alloy containing at least one element selected from the group consisting of Nb, 
Mo, Ru, Rh, Pd, Ta, W, Re, Os, Ir and Pt. 

According to another embodiment of the present invention there is 
provided, a method for manufacturing a magnetic recording medium, wherein: 
the non-magnetic substrate is at least a first plastic, and the first plastic being at 
least one of a polycarbonate and a polyolefin. 

According to another embodiment of the present invention there is 
provided, a method for manufacturing a magnetic recording medium, wherein: 
the step of laminating the second intermediate layer including laminating to form 
a crystal structure of the second intermediate layer as hexagonal close packed, 
the step of laminating the magnetic layer including laminating to form a crystal 
structure of the ferromagnetic grains in the magnetic layer as hexagonal close 
packed, and the steps of laminating the second intermediate layer and the 
magnetic layer including laminating to form a misfit between lattice constants 
of unit cells of the second intermediate layer and unit cells of the ferromagnetic 
grains of within ± 3 %. 

According to another embodiment of the present invention there is 
provided, a method for manufacturing a magnetic recording medium, wherein: 
the step of laminating the under-layer including laminating to form the under- 
layer from at least one of chromium and a chromium alloy, and the step of 
laminating the under-layer including laminating to form at least one of a (200) 
lattice plane and a (21 1) lattice plane in the under-layer as preferentially oriented 
in parallel with a film surface of the under-layer. 

According to another embodiment of the present invention there is 
provided, amagnetic recording device comprising: amagnetic recording medium 
as defined above. 
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According to another embodiment of the present invention, there is 
provided, a magnetic recording medium comprising: a non-magnetic substrate, 
at least a non-magnetic under-layer on the non-magnetic substrate, at least a first 
non-magnetic metallic intermediate layer on the non-magnetic under-layer, at 
least a second non-magnetic metallic intermediate layer on the first non-magnetic 
metallic intermediate layer, at least a magnetic layer on the second non-magnetic 
metallic intermediate layer, at least a protective film and a liquid lubricant layer 
sequentially laminated on the magnetic layer, the magnetic layer being a plurality 
of ferromagnetic grains and non-magnetic grain boundaries, the plurality of 
ferromagnetic grains containing at least cobalt and platinum, the non-magnetic 
grain boundaries including at least an oxide substantially surrounding the 
plurality of ferromagnetic grains, the first intermediate layer being at least a 
CoCr alloy including at least one element selected from the group consisting of 
Nb, Mo, Ru, Rh, Pd, Ta, W, Re, Os, Ir and Pt, and the second intermediate layer 
containing oxygen and being composed of at least one element selected from the 
group consisting of Ru, Re and Os. 

According to another embodiment of the present invention, there is 
provided, a magnetic recording medium, wherein: the non-magnetic substrate is 
at least a first plastic, the first plastic being at least one of a polycarbonate or 
polyolefin. 

According to another embodiment of the present invention, there is 
provided, a magnetic recording medium, wherein: a crystal structure of the first 
intermediate layer is hexagonal close packed, a crystal structure of the second 
intermediate layer is hexagonal close packed, and a misfit between lattice 
constants of unit cells of the first intermediate layer and unit cells of the second 
intermediate layer is within ± 3 %. 
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According to another embodiment of the present invention, there is 
provided, a magnetic recording medium, wherein: the under-layer is at least one 
of chromium and a chromium alloy, and at least one of a (200) lattice plane and 
a (21 1) lattice plane in the under layer is preferentially oriented in parallel with 
a film surface of the under-layer. 

According to another embodiment of the present invention, there is 
provided, a method for manufacturing a magnetic recording medium comprising 
the steps of: laminating at least a non-magnetic under-layer on a non-magnetic 
substrate, laminating at least a first non-magnetic metallic intermediate layer on 
the non-magnetic under-layer, laminating at least a second non-magnetic metallic 
intermediate layer on the first non-magnetic metallic intermediate layer, 
laminating at least a magnetic layer on the second non-magnetic metallic 
intermediate layer, laminating a protective film on the magnetic layer, laminating 
a liquid lubricant layer on the protective film, the step of laminating the magnetic 
layer including laminating to form at least ferromagnetic grains and non- 
magnetic grain boundaries surrounding the grains, the grains being at least one 
of cobalt and platinum and the grain boundaries being at least an oxide, the step 
of laminating the first intermediate layer including laminating to form the first 
intermediate layer from a CoCr alloy containing at least one element selected 
from the group consisting of Nb, Mo, Ru, Rh, Pd, Ta, W, Re, Os, Ir and Pt, and 
the step of laminating the second intermediate layer including laminating to form 
the second intermediate layer from oxygen and at least one element selected from 
the group consisting of Ru, Re, and Os. 

According to another embodiment of the present invention, there is 
provided, a method for manufacturing a magnetic recording medium, wherein: 
the non-magnetic substrate is at least a first plastic, and the first plastic is at least 
one of a polycarbonate and a polyolefm. 
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According to another embodiment of the present invention, there is 
provided, a method for manufacturing a magnetic recording medium, wherein: 
the step of laminating the first intermediate layer including laminating to firm a 
crystal structure of the first intermediate layer as hexagonal close packed, the 
step of laminating the second intermediate layer including laminating to form a 
crystal structure of the second intermediate layer as hexagonal close packed, and 
a misfit between lattice constants of unit cells of the first intermediate layer and 
unit cells of the second intermediate layer is within ±3 %. 

According to another embodiment of the present invention, there is 
provided, a method for manufacturing a magnetic recording medium, wherein: 
the step of laminating the under-layer including laminating to form the under- 
layer from at least one of chromium and a chromium alloy, and the step of 
laminating the under-layer including laminating to form at least one of a (200) 
lattice plane and a (2 1 1 ) lattice plane in the under-layer as preferentially oriented 
in parallel with a film surface of the under-layer. 

According to another embodiment of the present invention there is 
provided, a magnetic recording device comprising: amagnetic recording medium 
as defined by the above eight paragraphs. 

The above, and other objects, features and advantages of the present 
invention will become apparent from the following description read in 
conjunction with the accompanying drawings, in which like reference numerals 
designate the same elements. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a vertical cross-sectional view of a first structure of a magnetic 
recording medium. 

Fig. 2 is a vertical cross-sectional view of a second structure of a 
magnetic recording medium. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

As a result of the above identified concerns, the inventors have made 
rigorous studies, and it is now understood that high coercive force and low media 
noise in magnetic recording mediums are achieved through specific material 
selection, material application, and manufacturing processes, as will be 
described. 

A first structure of the invention provides, on an under-layer, a first non- 
magnetic metallic intermediate layer including at least an element selected from 
the group consisting of Ru, Re and Os and containing oxygen. On the first 
intermediate layer, beneath a magnetic layer, a second non-magnetic metallic 
intermediate layer includes a CoCr alloy containing at least an element selected 
from the group consisting of Nb, Mo, Ru, Rh, Pd, Ta, W, Re, Os, Ir and Pt. 

It is also now understood, that high coercive force and low media noise 
in magnetic recording medium are achievable in a second related structure 
providing, on an under-layer, a first non-magnetic metallic intermediate layer 
including a CoCr alloy containing at least an element selected from the group 
consisting of Nb, Mo, Ru, Rh, Pd, Ta, W, Re, Os, Ir and Pt. On a first 
intermediate layer in the second structure, beneath the magnetic layer, a second 
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non-magnetic metallic intermediate layer includes at least an element selected 
from the group consisting of Ru, Re and Os and contains oxygen. 

In the above-described first structure, the crystal orientation of the 
magnetic layer is favorably controlled when the crystal structure of the second 
intermediate layer, and the crystal structure of the ferromagnetic grains of the 
magnetic layer both have a hexagonal closest packed structure, and the 'misfit' 
between lattice constants of unit cells of the two layers is within about ±3 %. 
Here, the 'misfit' of lattice constants is defined by: 

(I) misfit in a-axis = 1 00 x (a2 - a3) / a2 (%) 

(II) misfit in c-axis = 1 00 x (c2 - c3) / c2 (%) 

where a3 and c3 are lattice constants of the ferromagnetic grain 
of the magnetic layer, a2 and c2 are lattice constants of the 
second intermediate layer. 

In the first structure, the best effect is gained if the both misfits are within 

± 3 %. 

In the above-described second structure, crystal orientation of the 
magnetic layer is favorably controlled when the crystal structure of the first 
intermediate layer and the crystal structure of the second intermediate layer are 
both hexagonal closest packed structures, and the misfit between the lattice 
constants of unit cells of the two layers is within ± 3 %. Here, the misfit of 
lattice constants is defined by: 



(IE) misfit in a-axis = 1 00 x (al - a2) / al (%) 
(IV) misfit in c-axis = 100 x (cl - c2) / cl (%) 
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where a2 and c2 are lattice constants of the second intermediate 
layer; al and cl are lattice constants of the first intermediate 
layer. 

In the second structure, the best effect is gained if the both misfits are 
within ± 3 %. 

First embodiments of the invention 

Referring now to Fig. 1, in a first embodiment, a magnetic recording 
medium 8 has a structure in which an under-layer 2 is formed on a non-magnetic 
substrate 1. A first non-magnetic metallic intermediate layer 3a, a second non- 
magnetic metallic intermediate layer 4a, a granular magnetic layer 5, and a 
protective film 6 are sequentially formed on under-layer 2. A liquid lubricant 
layer 7 is formed on protective film 6, as will be described. 

To produce a magnetic recording medium with low cost, it is effective to 
utilize a substrate that is manufactured by injection-molding a polycarbonate, a 
polyolefin or another resin. Protective film 6 is made from a thin mainly-carbon 
film having a thickness of from about 3 nm to 10. Liquid lubricant layer 7 is 
generally made from a perfluoropolyether lubricant, but other effective 
substances may also be used. 

Magnetic layer 5 is a granular magnetic layer that includes ferromagnetic 
grains with non-magnetic grain boundaries surrounding the grains. The non- 
magnetic grain boundaries are composed of oxides or nitrides of a metal or 
silicon. 

Magnetic layer 5 is fabricated by a lamination method employing a 
sputtering process using a target of ferromagnetic metal containing oxides that 
consist of the non-magnetic grain boundary. Alternatively, magnetic layer 5 may 



PATENT 13 M1971-109 

W \USERS\andrew\wpdata\M1971-109 

be fabricated by a lamination process employing a reactive sputtering process in 
an oxygen-containing argon gas atmosphere using a target of ferromagnetic 
metal. 

The ferromagnetic crystals are favorably a CoPt alloy. The non-magnetic 
grain boundary material employs a particularly favorable stable granular 
structure using oxides of an element selected from the group consisting of Cr, 
Co, Si, Al, Ti, Ta, Hf and Zr. The film thickness of magnetic layer 5 is 
necessarily of sufficient thickness to obtain effective head regeneration output 
when regenerating a record. 

Non-magnetic metallic intermediate layer 3 a is a material fabricated from 
at least an element selected from the group consisting of elements Ru, Re and Os 
and contains oxygen. These elements provide a resulting stable hexagonal 
closest packed structure and a favorable crystal orientation controlled by 
containment of oxygen. During formation of non-magnetic metallic intermediate 
layer 3a, oxygen addition is frequently conducted by sputtering using a target 
containing oxygen or by sputtering in an oxygen-containing gas atmosphere. 
The film thickness of first intermediate layer 3a is preferably in a range from 10 
nm to 50 nm. 

To achieve the desired effect of both high He and low noise in magnetic 
recording medium 8, second non-magnetic metallic intermediate layer 4a 
employs a CoCr alloy that contains at least an element selected from the group 
consisting of Nb, Mo, Ru, Rh, Pd, Ta, W, Re, Os, Ir and Pt. It is noted that every 
metal of this group has an effect to increase the lattice constant when added to 
the CoCr alloy. 

In the present embodiment, further effect may be obtained by both 
adjusting the quantity of additives in the CoCr alloy and by controlling the 
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'misfit' between the lattice constant of second intermediate layer 4a and the 

lattice constant of the ferromagnetic grains in magnetic layer 5 to within ± 3 %. 
The 'misfit' effect arises because the ferromagnetic grains in magnetic 

layer 5 are easily made to epitaxially grow on intermediate layer 4a due to a 
5 decrease of the misfit of lattice constants of the two respective layers 4a, 5. In 

this embodiment, the film thickness of second intermediate layer 4a is preferably 

in the range from 2 nm to 10 nm. 
I* Material for under-layer 2 is selected from chromium and chromium 

alloys including CrMo, CrTi, CrW and CrV. When the crystal orientation plane 
WO parallel to the surface of under-layer 2 is formed to preferentially orient to the 

jj (200) plane or (21 1) plane, the c-axis of the hexagonal closest packed structure 

71 of first intermediate layer 3 a tends to strongly align in the direction of the film 

s surface of first intermediate layer 3a. As a consequence of this strong alignment, 

£T beneficial high He and low noise in magnetic recording medium 8 is more easily 



achieved. 

P In the above embodiment, magnetic recording medium 8 exhibits 

m 

excellent characteristics even when inexpensive plastic resin is used for substrate 
1 . Consequently, when such an effective magnetic recording medium is mounted 
on a magnetic recording device (not shown), a correspondingly cheaper but high 
20 performance device results. 



Second embodiments of the present invention 

Referring now to Fig. 2, a second embodiment of a magnetic recording 
medium 8 ? has a structure in which under-layer 2 is formed on non-magnetic 
substrate 1. A first non-magnetic metallic intermediate layer 3b, a second non- 
25 magnetic metallic intermediate layer 4b, granular magnetic layer 5, and 
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protective film 6 are sequentially formed on under-layer 2. Liquid lubricant 
layer 7 is further formed on protective film 6. 

To produce a magnetic recording medium with low cost, it is effective to 
utilize a substrate that is manufactured by injection-molding a polycarbonate, a 
polyolefm or another resin. Protective film 6 is made from a thin mainly-carbon 
film having a thickness of from 3 nm to 1 0. Liquid lubricant layer 7 is generally 
made from a perfluoropolyether lubricant, but other substances may be used. 

Magnetic layer 5 is a granular magnetic layer that includes ferromagnetic 
grains with non-magnetic grain boundaries surrounding the grains. The non- 
magnetic grain boundaries are composed of oxides or nitrides of a metal or 
silicon. 

Magnetic layer 5 is fabricated by a lamination method employing a 
sputtering process using a target of ferromagnetic metal containing oxides that 
consist of the non-magnetic grain boundary. Alternatively, magnetic layer 5 may 
be fabricated by a lamination process employing a reactive sputtering process in 
an oxygen-containing argon gas atmosphere using a target of ferromagnetic 
metal. 

The ferromagnetic crystals are favorably a CoPt alloy. The non-magnetic 
grain boundary material employs a particularly favorable stable granular 
structure using oxides of an element selected from the group consisting of Cr, 
Co, Si, Al, Ti, Ta, Hf and Zr. The film thickness of magnetic layer 5 is 
necessarily of sufficient thickness to obtain effective head regeneration output 
when regenerating a record. 

In this embodiment, first intermediate layer 3b is a material employing 
a CoCr alloy that contains at least an element selected from the group consisting 
of Nb, Mo, Ru, Rh, Pd, Ta, W, Re, Os, Ir and Pt. Each metal in this group has 
an effect which beneficially increases the lattice constant when added to the 
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CoCr alloy. This construction assists the beneficial effects high coercive force 
and low noise in magnetic recording medium 8\ 

These beneficial effects are obtained by adjusting the quantity of 
additives in the CoCr alloy. The beneficial effects are additionally influenced by 
controlling the misfit between the lattice constant of first intermediate layer 3b 
and the lattice constant of second intermediate layer 4b to within ± 3 %. The 
beneficial misfit effect arises because the ferromagnetic grains in magnetic layer 
5 are easily and epitaxially grown on second intermediate layer 4b due to the 
decrease of the misfit of lattice constants of the two layers 3b 5 4b. The film 
thickness of first intermediate layer 3b is preferably in a range from 2 nm to 10 
nm. 

Second intermediate layer 4b is necessary a material fabricated from an 
element selected from the group consisting of Ru, Re and Os and contains 
oxygen. These selected elements have stable hexagonal closest packed structures 
and their crystal orientation is favorably controlled by containment of oxygen. 
Addition of oxygen in this layer is performed by sputtering using a target that 
contains oxygen or by sputtering in an oxygen-containing gas atmosphere. The 
film thickness of second intermediate layer 4b is preferably in a range from 10 
nm to 50 nm. 

Material for under-layer 2 is selected from chromium and chromium 
alloys including CrMo, CrTi, CrW and CrV. When the crystal orientation plane 
parallel to the surface of under-layer 2 is formed to preferentially orient to either 
the (200) plane or (211) plane, the c-axis of the hexagonal closest packed 
structure of first intermediate layer 3b, deposited on under-layer 2 beneficially 
and strongly tends align in the direction of the film surface of intermediate layer 
2. As a result, beneficial high coercive force and low noise are not possible to 
achieved. 
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In the above embodiment, magnetic recording medium 8 ! exhibits 
excellent characteristics even when inexpensive plastic resin is used for substrate 
1 . Consequently, when such an effective magnetic recording medium is mounted 
on a magnetic recording device (again not shown), a correspondingly cheaper but 
high performance device results. 

The following includes specific examples of embodiments of the present 
invention. 

Examples 1 through 5 and Comparative Examples 1 and 2: 

In the present examples, a polycarbonate substrate, used as a non- 
magnetic substrate, was injection-molded into a 3.5 inch disk. After cleaning, 
the substrate was introduced into a sputtering apparatus. An under-layer having 
a thickness of 15 nm was formed of Cr-20 at% Mo under an argon gas pressure 
of 5 mTorr. 

Subsequently, a first intermediate layer having thickness of 20 nm was 
formed using a ruthenium target under a mixed gas at 1 0 mTorr. The mixed gas 
was a mixture of argon and 3 % of oxygen. A second intermediate layer having 
thickness of 5 nm with one of varied compositions given in Table 1 , was formed 
under an argon gas pressure of 5 mTorr. A granular magnetic layer having a 
thickness of 20 nm was formed by an RF sputtering method using a target of 
Co 78 Cr 10 Pt 12 containing 10 mol% of Si0 2 under an argon gas pressure of 3 mTorr. 
A carbon protective layer 5 nm thick was laminated onto the granular magnetic 
structure, and the resulting product removed from the vacuum of the sputtering 
apparatus. 

A liquid lubricant was next applied to a thickness of 1.5 nm. As a 
consequence of this process, a magnetic recording medium was formed having 
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a structure as substantially shown in Figure 1 . In the above-described laminating 
process, preliminary heating of the substrate was not performed. 

For comparison, a first medium was produced as Comparative Example 
1 in the same manner as in Example 1 with the exception except that no additive 
was contained in the CoCr alloy of the second intermediate layer. A second 
medium was produced as Comparative Example 2 in the same manner as in 
Example 1 except that second intermediate layer was not formed. 

Table 1 shows the measured data for various compositions of the 
intermediate layer. The data are: the misfit between lattice constants of magnetic 
layer crystals and the intermediate layer that was determined by X-ray 
diffraction, the coercive force He measured by a vibrating sample magnetometer 
VSM, and the signal-to-noise ratio SNR that was measured at a track recording 
density of 270 kFCl. 
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Table 1 
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SNR 






intermediate layer 










Co 
(at%) 


Cr(at%) 


additive 
/(at%) 


(%) 


(%) 


(dB) 


Example 1 


50 


25 


Ru/25 


0.8 


3,120 


20.7 


Example 2 


50 


35 


Ru/15 


3.2 


2,850 


19.7 


Example 3 


50 


40 


W/10 


1.9 


3,030 


20.2 


Example 4 


50 


44 


Pt/6 


3.8 


2,790 


18.3 


Example 5 


50 


38 


Pt/12 


0.5 


3,090 


21.9 


Comp Example 1 


60 


40 


none 


9.2 


2,400 


16.4 


Comp Example 2 


none 


N.A. ! 


2,030 


15.3 



Note: misfit values in the table are the larger of the misfits in a-axis and c-axis. 

As is apparent from Table 1, coercive force He and signal-to-noise ratio 
SNR significantly increase when the second intermediate layer is provided, and 
excellent He and SNR are attained if the misfit between lattice constants of the 
magnetic crystals and of the second intermediate layer is small. 

Although the misfit values of lattice constants in Examples 1-5 range 
within 3.8 %, the misfit of lattice constants within about ± 3 % is necessary to 
attain He of more than 3000 Oe and SNR of more than 20 dB, which are both 
required in very high density recording. 

Examples 6 through 10 and Comparative Examples 3 and 4: 

As above, in the present example a polycarbonate substrate, used as a 
non-magnetic substrate, was injection-molded as a 3 .5 inch disk. After cleaning, 
the substrate was introduced into a sputtering apparatus. An under-layer having 
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thickness of 1 5 nm was formed of Cr-20 at% Mo under an argon gas pressure of 
5 mTorr. 

A first intermediate layer having thickness of 5 nm with one of varied 
compositions, given in Table 2, was formed under an argon gas pressure of 5 
mTorr. 

Subsequently, a second intermediate layer having thickness of 20 nm was 
formed using a ruthenium target under a mixed gas at 10 mTorr that is a mixture 
of argon and 3 % of oxygen. A granular magnetic layer having thickness of 20 
nm was formed by an RF sputtering method using a target of Co 78 Cr 10 Pt 12 
containing 10 mol% of Si0 2 under an argon gas pressure of 3 mTorr. 

After laminating a 5nm thick carbon protective layer on the resulting 
laminate, the laminate was removed from the vacuum of the sputtering apparatus 
and a liquid lubricant was applied to a thickness of 1.5 nm. As a consequence 
of this process, a magnetic recording medium 8 ? having a structure as shown in 
Fig, 2 was formed. In the above-described laminating process, preliminary 
heating of the substrate was not performed. 

For comparison, a medium in Comparative Example 3 was produced in 
the same manner as in Example 6 except that no additive was contained in the 
CoCr alloy of the second intermediate layer. Another medium as Comparative 
Example 4 was produced in the same manner as in Example 6 except that second 
intermediate layer was not formed. 

Table 2 shows the measured data for various compositions of the first 
intermediate layer. As above, the data are: the misfit between lattice constants 
of the first non-magnetic metallic intermediate layer and the second non- 
magnetic metallic intermediate layer as determined by X-ray diffraction, 
coercive force He was measured by a vibrating sample magnetometer VSM, and 
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signal-to-noise ratio SNR was measured at a track recording density of 270 
kFCl. 

Table 2 







composition of 


misfit 


He 


SNR 




first intermediate 












layer 










Co 


Cr 


additive 


(%) 


(%) 


(dB) 




(at%) ! 


(at%) 


/(at%) 








Example 6 


50 


25 


Ru/25 


1.1 


3,070 


20.3 


Example 7 


50 


35 


Ru/15 


3.6 


2,780 


19.0 


Example 8 


50 


40 


W/10 


2.3 


3,000 


19.9 | 


Example 9 


50 


44 


Pt/6 


4.3 


2,700 


17.2 | 


Example 10 


50 


38 


Pt/12 


0.4 


3,190 


22.4 


Comp Example 3 


60 


40 


none 


13.1 


2,200 


16.0 


Comp Example 4 


none 


N.A. 


2,030 


15.3 



Note: misfit values in the table are the larger of the misfits in a-axis and c-axis. 



As is apparent from Table 2, He and SNR significantly increase when the 
first intermediate layer is provided, and excellent He and SNR are attained when 
the misfit between lattice constants of the first intermediate layer and of the 
second intermediate layer is small. Although the misfit values of lattice 
constants in the Examples ranges within 4.3 %, the misfit of lattice constant of 
within ± 3 % is necessary to attain He of more than 3000 Oe and SNR of more 
than 20 dB, both required in very high density recording. 
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In the first structure of the present invention, high coercive force and low 
media noise for magnetic recording mediums are achieved primarily because 
crystal orientation of the magnetic layer is favorably controlled in the first 
structure of the present invention by forming, on the under-layer, a first 
intermediate layer constructed from at least an element selected from the group 
consisting of Ru, Re and Os and contains oxygen, and on the first intermediate 
layer and beneath the magnetic layer, a second intermediate layer that formed 
from a CoCr alloy containing at least an element selected from the group 
consisting of Nb, Mo, Ru, Rh, Pd, Ta, W, Re, Os, Ir and Pt. 

When the crystal structure of the second intermediate layer and the 
crystal structure of the ferromagnetic grains of the magnetic layer, in the above- 
described first structure are both hexagonal close packed structures and the misfit 
between lattice constants of unit cells of the two layers is within ± 3 %, 
ferromagnetic grains readily grow epitaxially on the intermediate layer. 
Consequently, the crystal orientation of the magnetic layer is favorably 
controlled. 

According to the present invention, since high coercive force is readily 
achieved in a magnetic recording mediums by employing such an intermediate 
layer, substrate heating is not required in the lamination process. Excellent 
characteristics are exhibited by a medium employing an inexpensive plastic resin 
substrate, as noted above, as well as conventional substrates of aluminum or 
glass. When a magnetic recording medium of the present invention is mounted 
on a magnetic recording device, a less expensive and high performance device 
is easily provided. 
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In the second structure according to the present invention, high He and 
low media noise in a magnetic recording medium are achieved because crystal 
orientation of the magnetic layer is favorably controlled by forming, on the 
under-layer, a first intermediate layer being a CoCr alloy containing at least an 
element selected from the group consisting of Nb, Mo, Ru, Rh, Pd, Ta, W, Re, 
Os, Ir and Pt, and on the first intermediate layer and beneath the magnetic layer, 
a second intermediate layer having at least an element selected from the group 
consisting of Ru, Re and Os and contains oxygen. 

In this embodiment, when the crystal structure of the first intermediate 
layer and the second intermediate layer are both a hexagonal close packed 
structure, and the misfit between lattice constants of unit cells of the two layers 
is within ± 3 %, ferromagnetic grains epitaxially grow readily on the 
intermediate layer through orientation control of the second non-magnetic 
intermediate layer. Consequently, the crystal orientation of the magnetic layer 
is more favorably controlled. 

According to the present invention, since high coercive force is readily 
achieved in a magnetic recording mediums by employing such a non-magnetic 
intermediate layer, substrate is unnecessary and cost savings results while 
excellent characteristics are maintained by mediums employing either an 
inexpensive plastic resin substrate or conventional substrates of aluminum or 
glass. The present invention allows for reduced manufacturing costs while 
providing a higher performance. 

Having described preferred embodiments of the invention with reference 
to the accompanying drawings, it is to be understood that the invention is not 
limited to those precise embodiments, and that various changes and 
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modifications maybe effected therein by one skilled in the art without departing 
from the scope or spirit of the invention as defined in the appended claims. 



